ABSTRACT
INTRODUCTION
Several studies have demonstrated the capacity of insects in transmitting the pathogens to the humans (Bueno and Fowler, 1994; Paraluppi et al., 1996; Iwasa et al., 1999) , either as mechanical or biological vectors. A mechanical vector usually contaminates itself when in contact with infected materials, transporting the parasites around and eventually into human food (Leser et al., 2000) . The principal insects as the mechanical vectors of pathogens belonged to the orders Diptera, Blattodea and Hymenoptera (Oliveira et al., 2002; Thyssen et al., 2004) . Some ant species known as 'tramp ants', belonging to the Formicidae have drawn particular attention in this regard. Commonly established in urban environments, these ants are responsible for much nuisance, usually nesting inside the electrical systems and crevices while foraging into filthy and contamined areas, thus bringing risk of contamination and disconfourt to people in the food industries, bakeries, restaurants, houses and hospitals (Bueno and Campos-Farinha, 1999) . In the hospitals, ants may actively carry some bacteria around, causing many problems. Monomorium pharaonis has been observed over cirurgy instruments, intravenous fluid holders used for blood transfusions and over bandages of recently operated patients (Edwards and Baker, 1981) . Beatson (1972) detected the presence of Salmonella sp. and Pseudomonas sp. on the workers of this species. Chadee and Lê Maitre (1990) (Marcolino, 2004) . In spite of the wide geographical distribution in Brazil of nematode parasites known as responsible for deficiencies in intellectual and physical development, mainly of children (Pedrazzani et al., 1989) , the mechanical transmission of their infectious forms by insects has been generaly overlooked (Thyssen et al., 2004) . Thus, this study was carried out to evaluate the capacity of the Formicidae, including common household species, as the mechanical carriers of Ascaris lumbricoides (Nematoda) and Entamoeba coli (Protista). Although being harmless to humans, cysts of E. coli was used for two reasons: 1) They are similar in shape and form to E. histolytica, a common pathogenic species in urban and rural areas of Brazil, and 2) because cysts are more easily obtained from health clinics, together with the eggs of A. lumbricoides.
MATERIAL AND METHODS
Rearing the ant nests in the laboratory Nests of M. pharaonis, T. melanocephalum and Linepithema humile were placed in the plastic trays containing plastic bottle caps with wet cotton inside. They were everyday provided with fresh heart of steer, bits of cake, larvae of Tenebrio molitor (Coleoptera) and 50% honey solution. The nests were kept at room temperature.
Forraging experiments in the laboratory
Three nests of each ant species, only ones presenting high foraging activity were chosen. The ants were conditioned into foraging for food in the plastic chambers measuring 2.0 cm wide x 10.0 cm long x 1.5 cm high and closed at one end. Before the experiment, they were not given any food for two days. The outer portion of these chambers was covered with vaseline so the ants were forced inside seeking for food that was placed near the closed end. For the experiments, the ants were conditioned into foraring for food at the same place, while passing over a fine layer of soil --previously sifted and sterilized at 150 0 C --applied to the bottom of the chambers. Some of this soil was inoculated with a suspension of inactivated eggs of A. lumbricoides and cysts of E. coli in 10% formaldehyde solution at the ratio of 1-2 mL for every 1.5-2.5 g of sterilized soil. Then two of the three chosen ant nests were presented with chambers containing pseudo-contamined soil while the third nest was presented with a chamber containing crude soil, inoculated with clean 10% formaldehyde to serve as control. The chambers were then placed in the plastic trays and the ants were observed. As the ants crawled over the soil towards the food, they were collected and individually placed in sterilized plastic recipients. A total of 25 ants were collected from each nest during each experiment (N=10). The soils used were saved for later analysis.
Forraging experiments in the field
The same forraging chambers were used during the experiments in the field. The chosen area was a particularly disturbed area in Parque Municipal Francisco Affonso de Mello, a public park in Mogi das Cruzes, SP, Brazil. The chambers with sterilized soil were placed directly on the ground. When a constant flow of foraging ants was obtained, some of them were individually collected in sterilized recipients to serve as controls. Then the chambers were replaced by others containing pseudo-contaminated soil. Ants forraging on the pseudo-contaminated soil were then collected in the same manner. This was repeated 10 times, as was in the laboratory, collecting 250 ants. Due to difficulties in obtaining constant flows of forraging ants in the field, the same control ants were used for all repetitions (N=100). The used soils were saved for later analyses. All collected ants were mounted on small paper triangles and pinned for identification using the key for genera of Bolton (1994) . Within the genera, species and morphospecies were assigned through comparison to identified ant specimens from the official collection of Universidade de Mogi das Cruzes, SP, which comprises the myrmecofauna of this region (Alto Tietê). Vouchers specimens were deposited in this same collection.
Analysis of the pseudo-contaminated soil and controls
To each of the recipients with ants, 0.5 mL of distilled water was added, followed by vigorous shaking. A drop of 10% formaldehyde was then added to conserve the sample during the observations. The liquid from the recipients was then prepared for analysis under optical microscopy as described by ; cysts and eggs were identified based on Cimerman and Franco (2000) . The samples of the pseudo-contaminated soil and control soil were prepared for the examination according to the method of Faust under an optical microscope.
RESULTS AND DISCUSSION
Of the ten experimental repetitions conducted in the laboratory, four were made using the species M. pharaonis, four with L. humile and two with T. melanochephalum, due to the difficulty of maintaining nests of this species in the laboratory. Tapinoma melanocephalum, along with M. pharonis, were considered by Fowler et al. (1992) the most predominant tramp ant species in Brazil, while Harada (1990) refered to these species as urban pests of the tropical regions. During the laboratory experiments, M. pharaonis workers were not pseudo-infected with E. coli cysts or with A. lumbricoides eggs (Table 1) . However, this species has been reported transporting the following pathogenic microorganisms, especially in the hospitals: K. pneumoniae, Streptococcus, Salmonella and Pseudomonas (Beatson, 1972; Edwards and Baker, 1981; Chadee and Lê Maitre, 1990) . The results of the experiments with T. melanocephalum were also all negative (Table 1) , which might have been caused by the smaller number of repetitions. Nevertheless, M. pharaonis and T. melanocephalum were relatively small ants, measuring 1.2-2.0 mm (Campos-Farinha et al., 1997) and 2.0 mm, respectively (Schüller, 2004 ) in length. It was possible that this diminute body size could hinder the transportation of eggs of A. lumbricoides (about 70µm in diameter) and E. coli cysts (about 30µm in diameter) , considering that these species were demonstrated to transport the bacteria (Bueno and Fowler, 1994) up to 2µm in size (Tortora et al., 2003) .
The eggs of A. lumbricoides presented a convoluted shape (Neves, 2000) that facilitates the transportation, but these two ant species had practically no structures such as hairs, spines or other surface sculptures to which the parasite could adhere. Anyway, since the infectious agents were priorly killed with formaldehyde, it was possible that they might have undergone some kind of physical alteration that could have inhibited the adherence to the ants' body surface. In the experiments using L. humile (Table 1) , 1% of the ants that marched over the pseudocontaminated soil presented eggs of A. lumbricoides adhered to their bodies. This native species was very common in the hospitals around the southeastern Brazil (Bueno and Fowler, 1994) and could carry pathogenic bacteria (Ipinza-Regla et al., 1994) , while being of significant importance in the urban environment for its outstanding adaptive and dispersive capacities and for building extensive nests in the ground (Tsuitsui et al., 2000; . During the field experiments, the specimens of 17 ant species were collected from the pseudocontaminated soils, while 12 species were sampled from the control soil ( Fig. 1 A and B) . In all the experiment, only eight ants from three species were found to bear eggs or cysts: a (0.4%) Acromyrmex niger worker with an egg of A. lumbricoides; five (2%) C. rufipes workers, having three of them cysts of E. coli and two with eggs of A. lumbricoides. A (0.4%) L. humile worker and one (0.4%) S. saevissima were found with an A. lumbricoides egg. Of these pseudo-infected species, A. niger (Attini) was the only species not normally found in human residences. Camponotus rufipes is a large ant when compared to the others and bears hairs over the body surface. It is known to nest inside the wooden doors, frames, floors, crevices in walls, in the drawers and in wooden panels. It feeds basically from sweet substances, but can also feed on meat (Bueno and CamposFarinha, 1999) . Solenopsis saevissima is an omnivorous species like all Solenopsis and as such can eat foods such as oils, meat, butter, cheese, fruit, bread and sweets (Campos-Farinha et al., 1997) , besides being active predators and scavengers (Rossi and Fowler, 2004) . Workers are polimorphic and range from 2-6 mm in length, differently from M. pharaonis and T. melanocephalum. A single worker of L. humile (2.2 -2.8 mm long, in this species) was found transporting eggs of A. lumbricoides. Due the nesting habits of this species -presenting large numbers of individuals per colony -and also due to their growing proximity to the urban environment, they could act as important carriers of this nematode species here tested. However, Thyssen et al. (2004) concluded that ants were not mechanical vectors of helminthes when collected inside and in the vicinity of residences in Campinas, SP, Brazil, although no ants of this species were recorded in their samples. Results showed that size influence the transportation of pathogens for facilitating adhesion of the parasites. This could explain why only in workers of C. rufipes a higher incidence of pseudo-infected ants was found. 
